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Estimating population size of grizzly bears
(Ursus arctos horribilis) is hampered by cer-
tain characteristics (Harris 1986, Interagency
Grizzly Bear Comm. [IGBC] 1987, Miller et al.
1087, Miller 1990a): grizzly bears are secretive,
aggressive, and difficult to observe; populations
often inhabit mountainous, densely vegetated,
remote habitats; individual bears often have
different probabilities of capture or observa-
tion that violate the assumption of equal catch-
ability; age and gender are difficult to deter-
mine without handling; sampling opportunities
are limited because bears spend 6-7 months in
dens; and sample sizes are typically small. These
factors impose logistical and financial con-
straints on researchers obtaining point esti-
mates and confidence intervals {CI’s) for the
population. The most reliable estimator for
grizzly bears is the Petersen capture-recapture
design (Miller et al. 1987); it accommodates
small samples and requires only a single sight-
ing period after the initial marking period (Se-
ber 1982). The few published estimates of griz-
zly bear populations have wide CI’s (Ilarris
1986, IGBC 1987, Miller et al. 1987). Model
biases are more serious than small-sample bias

! Present address: Montana Department of Fish,
Wildlife and Parks, Research and Technical Services
Burezu, FWP Building, Montana State University,
Bozeman, MT 59717-0001.

because important assumptions are violated
(White et al. 1982).

Most advances in estimating population size
for grizzly bears have been made using aerial
surveys in areas where bears are highly visible
(Miller et al. 1987, Miller 1990b). Bears are
captured and marked, and subsequently both
marked and unmarked bears are “recaptured”
or sighted from aircraft in a series of indepen-
dent searches. This design can produce several
types of Petersen estimators that better meet
model assumptions and produce larger sample
sizes than do standard recapture methods
(Minta and Mangel 1989, White and Garroit
1990, Arnason et al, 1991).

In forested habitats where bears are difficult
to observe, density estimates are typically con-
verted from combinations of capture data and
either telemetry data (DeMaster et al. 1980,
Miller and Ballard 1982, McLellan 1989) or
observation data {Troyer and Hensel 1964,
Martinka 1974, Dean 1976). These methods

-frequently viclate assumptions and usually have

no estimate of precision (Harris 1986). The
Petersen method has been largely unsuccessful
with bears because animals initially are cap-
tured using bait and then recaptured using the
same technique. For grizzly bears, this pro-
cedure violates the model assumption of equal
catchability (Seber 1982). In addition, trapping
sessions are costly, yet rarely produce adequate
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sample sizes or reliable data (Harris 1986, IGBC
1987, Miller et al. 1987).

We evaluated a self-activating camera for
detecting grizzly bears in habitats with limited
opportunity for visual sighting. To assess the
camera technique as a sighting tool, we de-
seribe and evaluate sampling procedures and
assumptions, and compare 2 estimators of pop-
ulation size and CI’s with the goal of identi-
fying model biases. Our camera technique is
compared with other methods used in forested
habitats.

STUDY AREA

The study area, in the Swan Mountain Range in
western Montana, extended from Highway 2 on the
north to the Bob Marshall Wilderness boundary on the
south (Fig. 1). This 817-km? area under multiple-use
management was chosen for its accessibility and likely
geographic barriers on 3 of 4 sides. Grizzly bear move-
ment was restricted on the west and north by the Flat-
head Valley, with its large, dispersed human popula-
tion, and on the east by Hungry Horse Reservoir. Grizzly
bears could move in and out of the Bob Marshall Wil-
derness to the south.

The study area was characterized by heavily forest-
ed, rugged mountain topography; elevations varied from
914-2,736 m. Over 50% of the area was closed-canopy
coniferous forest with the remainder broadly classified
as rock lands, avalanche chutes, shrub lands, and timber
harvest units.

Using preliminary results on the distribution of
marked bears, we delineated a 516-km? core area where
radiocollared grizzly bears spent more time and a 301-
km? peripheral area (Fig. 1). We emphasized popu-
lation sampling in the core area and sampled the pe-
ripheral area less to assess gengraphic closure.

METHODS
Initial Capture Method: Snaring

Grizzly bears were opportunistically captured dur-
ing May and June of 1988-1990. We superimposed a
3.9-km capture grid over the core area and portions of
the peripheral area to identify accessible snare sites,
Potential sites above snow-line were eliminated, and
all sites were within 70 m of the nearest road.

We designed initial capture sessions to mark as many
bears as possible within and surrounding the core area
by madifying snaring methods and placement (White
et al. 1982). Two Aldrich foot snares (Aldrich Animal
Trap Co., Clallam Bay, WA 98326) were placed at
cach site and examined daily for 30-35 days. About
23 kg of wild ungulate bait was maintained at all sites,

and sites were baited for 3-5 days before snares were
set. Although the same 61 snare sites were used in 1988
and 1989, snare placement was changed. We used dif-
ferent combinations of wooden cubbies (Jonkel and
Cowan 1971) and trail sets each year. In 1990 we stopped
snaring in the peripheral area because of lack of cap-
tures and sampled 37 sites in the core area. Several
short-term snaring sessions were conducted at other
times o recapture bears that lost radiocollars,

We marked each bear with an ear tag and a 16.5-
% B-cm Armortite (Cooley Inc., Pawtucket, RI 02862)
ear streamer with a unigue symbol in each ear. Ear
streamers were color-coded for gender. A premolar
tooth was extracted for age determination (Stoneberg
and Jonkel 1966), and individuals =5 years old were
classified as adults. Grizely bears =2 years old were
fitted with radiocollars. We defined capture rate as the
number of snare-nights/capture.

Sighting Method: Cameras

The camera system consisted of a 35-mm fully au-
tomatic camera with flash, a passive infrared sensor
that differentiated between animal heat and back-
ground field, and a 12-volt battery. Bears were pho-
tographed approximately every 3 seconds while within
the field, and the date of exposure was automatically
recorded on each photograph. We placed cameras sys-
tematically in the core and peripheral areas in 1989
and 1990 using two L6-km grids that were alternated
among sessions, Each grid was superimposed on a map
of the study area and every third grid cell was selected
for sampling. Cameras were placed as central to the
grid cell as possible. We used 27-42 cameras/session
in the core area.

We conducted 3 camera sessions annually in 1989
and 1990 {Table 1). Cameras were used during the
same 3 periads each year to coincide with seasonal
changes in food selection (Mace and Jonkel 1886): Ses-
sion 1 in late spring when grizzly beazs consumed her-
baceous vegetation, Session 2 in summer when bears
ate globe huckleberries (Vaccinium globulare) and ser-
viceherries (Amelanchier alnifolia), and Session 3 in
autumn when bears ate herbaceous vegetation, roots,
and large ungulates.

Equal masses of raw meat {wild ungulate or domestic
livestock) and 4 L of livestock blood were placed as
bait at each camera station. We used about 40 kg bait/
station during the first 2 sessions and about 15 kg bait/
station thereafter. Supplementary lures varied among
sessions and included canned blueberries, anise or va-
nilla extract, and commercial skunk scent. Each station
was arranged around 3 trees. The bait and lure were
suspended on a stesl cable between 2 trees about 6 m
above the ground to disperse scent without providing
a reward to bears. We secured the camera 3-3.5 m up
a third tree and aimed it at the ground below the bait.
To minimize human scent, stations were examined only
2-3 times during a session, and baits were removed at
the end of each session.
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We defined sampling effort/session {camera-nights)
as the sum of all nights that cameras funetioned. Ses-
sions did not begin until all cameras were deployed.

Population and Density Estimation
Methods

We defined the sampling unit as a bear independent
of its mother (22 yrs old, except 1 orphaned yearling).
To be counted as a sighting, photographs of the same
individual at the same camera station had to be sep-
asated by an interval of >24 hours; however, the same
bear could be photographed at =2 stations and be
counted as separate sightings within the same 24-hour
period, We defined the sighting rate as the number of
camera-nights/sighting. Photographs of marked griz-
zly bears were serutinized to determine the number of
sightings/individual for each session. We also deter-
mined which photographs of unmarked bears consti-
tuted valid sightings. Within each session, we often
were able to distinguish individual unmarked bears by
date and location. When several photographs of un-
marked bears ocourred at the same station on the same
day, we used body size, color, and unigue markings to
differentiate individuals.

We caleulated population size for each of the 6 ses-
sions using 2 estimators of the Petersen 2-sample model
{Seber 1982:59). During each session, n, marked bears
were in the core area. A second sample of n, bears was
sighted by camera, m, of which were marked. We first
used Bailey's binomial model (Seber 1982:61) employ-
ing a bias correction factor to compensate for small
sample size (Eberhardt 1990: eq 13). Estimates from
this model use aggregated sightings and assume sight-
ings are binomially distributed. The 95% confidence
intervals (CI's) for this estimator (N,) were derived
from the exact binomial values of the 95% CI of the
sighting probability (# = m,/n,) (Overton 1969, Seber
1982). The coefficient of variation (CV) of N, was ap-
proximated by 1/m, %7 (Seber 1982:60-81). We cal-
cnlated a second population estimate using the Monte
Carlo stmulation method (Minta and Mangel 1989),
which simulates the sighting distribution of unmarked
animals from the exact sighting frequencies of marked
anitnals, Using 10,000 simulations,/session, we derived

- a probability distribution and computed a maximum

likelihood estimate (N,) and a 95% likelihood interval
(abbreviated CI for consistency).

Testing Assumptions of the
Petersen Model

The first assumption of the Petersen model is that
the target population is geographically and demo-
graphically closed during sessions. Because marking
was 1ot done during a session, we could not statistically
test for closure (Otis et al 1978, White et al. 1982),
Therefore, we used telemetry and cameras to assess
closure during sessions using location and survival data

obtained from marked grizzly bears. We located marked
grizzly bears =3 times during each session; those in-
dividuals located in the core area =2 times and known
to be alive throughout a session were considered the
marked {n,) sample.

We also assessed geographic closure during the entire
2-year study by constructing a composite home range
and comparing capture and sighting rates obtained in
the core and peripheral areas. We pooled the location
data from 1989 and 1990 to construct 70% and 90%
convex polygons {Ackerman et al. 1988). We used 770
aerial locations from individuals composing the n, sam-
ple during any of the 6 sessions. Polygons were con-
structed using 1 location/bear/week from den emer-
gence ko den entry, :

When using the Petersen model, we assumed that
marked bears did not lose their marks between the 2
sample periods and that all marks were reported in the
second sample. We used visual observation during te-
lemetry flights and photographs to assess loss of marks.

We hypothesized that individual bears were not
equally susceptible to baited camera stations. To gval-
uate sighting heterogeneity, we compared the distri-
bution of empirical sightings with expected sightings
derived from the parameters of the empirical distri-
bution (Minta and Mangel 1989). Thus, expected sight-
ings were generated by the binomial distribution fune-
tion withn = m,, p = 5,7, and g = 1 — »,~L. For
each session, we also caleulated the variance of the
observed sightings {¢2) and the expected binomial vari-
ance, o4, = npg = man ! {1 — n,7!). Sample size
permitting, we calculated a chi-square goodness-of-fit
test for paired distributions. Cells with expected fre-
quency classes <1 were grouped. Because of low fre-
quencies, goodness-of-fit results and inferences should
be interpreted as indicating trend only (Minta and
Mangel 989).

We compared density estimates (bears/100 km?) of
independent marked grizzly bears in the core area
during each session to those derived from the binomial
and simulation methods. We did not use the boundary
strip method (Otis et al. 1978) because densities re-
flected only marked bears present in the core area each
session,

RESULTS

Demography of Marked Grizzly Bears
During Sessions

Twenty-seven grizzly bears were captured
52 times in the study area between 1988 and
1990. Three additional bears were captured in
the core area at other times. We captured male
and female grizzly bears of all age and gender
classes except adult females with young, Adult
fernales and their 2-year-olds were captured
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only after breakup of family groups. The num-
ber and demography of marked grizzly bears
differed among sessions and between years be-
cause of mortality, egress, and additional cap-
tures in 1990. Between 12 and 17 marked bears
were in the core area each session (Table 1).

Assessment of Demographic and
Geographic Closure

Several individuals living along the edge of
the core area could readily enter or exit the
photo-grid. However, daily movements of
grizzly bears during the 6 sessions averaged
1,569 m (SE = 197 m) (R. D. Mace, unpubl,
data), suggesting that individuals moving out-
side the grid could reenter within 24 hours.
There were no birth pulses during the sessions
because grizzly bears gave birth during winter.
No marked grizzly bears died within the core
area during any session, and no human-caused
mortalities of unmarked bears were recorded.
For this study, we considered the core area
closed during the 9-18 days each session was
conducted,

Geographic closure of the core area was fur-
ther demonstrated by comparing snaring and
sighting rates with the peripheral area. Twen-
ty-six grizzly bears were captured 51 times in
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Fig. 1. Convex polygons {70 and 90%) constructed
from 770 aerial telemetry locations obtained from 21
grizzly bears showing their relationship to the core and
periphera] areas, Swan Mountain Range, Montana,
1989-1990 (data pooled).

3,711 snare-nights in the core area (1 capture/
72.8 snare-nights). Conversely, only 1 grizzly
bear was snared in the peripheral area in 1,563
snare-nights. We cobtained 66 sightings in the

Table 1. Sampling periads, sampling effort, population demography, and sighting rates of marked grizzly bears
during 6 photographic sighting sessions in the Swan Mountain Range, Montana, 1989-1990

1989 Sessions 1980 Sessions
Characteristics 1 2 3 1 2 3

Sampling period 9-17 Jul 22 Aug—4 Sep 6-17 Oct  11-22 Jul 17-30 Aug 27 Sep-14 Oct’
Camera-nights 201 347 465 397 356 468
Cameras/100 km? 5.8 54 8.1 5.2 54 5.2
No. marked bears in core area e

Adult male 3 3 3 4 4 4

Adult femnale 2 3 3 7 7 7

Subadult male 5 4 4 2 2 2

Subadult female 1 0 0 1 2 2

Family group 3 2 2 2 2 2
Marked bears/100 km? 2.7 2.3 2.3 31 3.2 3.2
Bears sighted® 11 (6) 14 (8) 12 (4) 8 (4) 2(1) 3(2)
Sighting rate® 183 248 38.8 48.6 178.0 156.0

* Number of sightings of marked bears {no. individuals contributing to sighting).

* Camera-nights/marked bear sighiing.
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Table 2. Sighting rates of marked grizzly bear age and gender classes during photographic sessions in the Swan

Mountain Range, Montana, 198%-1990.

Year

Age and gender 1989 1990 Pooled
Adult male 12.6% 4/4p 305.2 2/3 20.7 4/5
Adult female 101.8 2/3 407.0 1/7 139.6 /7
Subadult female 28.1 4/5 407.0 1/2 45,5 4/5
Subadult male 506.5 1/1 1,221.0 1/2 558.5 2/4
Family group 1,013.0 1/3 0/2 2,234.0 1/4

* Camera-nighis/marked bear sighting.

" Number of marked bears contributing to sighting rate/number of marked bears present in core area.

core area in 2,334 camera-nights for a sighting
rate of 1 sighting/35.4 camera-nights. Only 1
unmarked grizzly bear was photographed in
the peripheral area in 1,249 camera-nights.
Telemetry information also indicated that
the core area was important to marked animals
throughout the 2-year study. The 70% and 90%
convex polygons showed that the marked pop-
ulation had a strong affinity for the core area
during the 2-year period (Fig. 1). Movements
from the core area were primarily by males
captured on the extreme edge of the area.

Photographie Sighting Rates

We obtained 729 photographs of marked
(86%)} and unmarked (14%) grizzly bears dur-
ing the 6 sessions. Sixty-six (9%) photographs
met our criteria for a valid sighting. Sighting
rates {camera-nights/marked bear sightings)
of marked bears varied among sessions from
178 during Session 2, 1990 to 18.3 during Ses-
sion 1, 1989 {Table 1). Marked adult males
were sighted most frequently, and most marked
adult males and subadult females were sighted

(Table 2).

Estimation of Population
Size and Density

Individual marked bears responded differ-
ently to camera stations resulting in hetero-
geneous sightability (Table 3). By comparing
the 2 models we identified the heterogeneity
and gauged its influence on population esti-
mators.

During Session 1, 1989, the observed sight-
ing distribution was similar to the expected
distribution based on random binomial sight-
ings (2 = 3.39, 3 df, P = 0.34). However, the
variance ratio {observed sighting variance lo
binomial sighting variance; Table 3) of 1.41
indicated a deviation from random sightabil-
ity; some bears avoided the stations more than
expected whereas others were attracted more
than expected. The sighting distribution of Ses-
sion 2, 1989 showed little deviation from ex-
pected values with the exception of 1 bear
photographed 5 times. That bear contributed
to the inflated variance (1.81) and accounted
for 92% of the chi-square value (x* = 19.22, 5
df, P = 0.002). However, the small sample
makes the test result suspect. Session 3, 1989
was similar to Session 1 except that 2 bears
were strongly attracted to the stations, pro-
ducing the highest variance ratio (3.09) of the
study. As an indicator, those 2 bears accounted
for 86% of the chi-square value (2 = 54.0, 5
df, P < 0.001).

Sighting rates were generally lower for 1990
sessions than for 1989. The lower number of
sightings contributed to wider CI's compared
with 1989 sessions. The variance ratio of 2.13
for Session 1, 1990 reflected the disproportion-
ate attraction to and avoidance of stations. Two
bears explained 84% of the chi-square value
(x* = 23.1, 8 df, P < 0.001). Although esti-
mates for Sessions 2 and 3, 1990 are displayed
for comparison (Fig. 2}, sightings were too in-
frequent for valid population estimates. We
conclude that the simulation method produced
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Tuble 8. Marking and sighting data and derived variables used in estimating confidence intervals and degree
of sighting heterogeneity for grizzly bears in the Swan Mountain Range, Montana, 1989-1990,

Marked Number  Sighting
core  Number sightings  prab- Observed  Binomial Sighting distribution of o, hears®
Year area  sightings marked  ability cy sighting sighting
Session m n n;  p=myn, of N variange”  variance® V] 1 2 3 4 5
1989
1 14 12 11 0.92 0.30 1.03 0.73 8 2 3 1

2 12 20 14 0.70 1.07 1.81

3 12 13 12 0.92 0.92 2.83
1990
1 16 11 8 0.73 .47 1.00

2 17 4 2 0.50 0.11 0.22

3 17 6 3 0.50 017 0.26

6.2 5.2 2.0 0.5 0.1 0.0

1.o7 4 ] 2 1
8.5 4.5 2.7 1.0 0.2 .0
0.92 8 1 1 1 1

4.2 4.6 23 a7 0.1 0.0

0.47 12 2 2
9.5 5.1 1.2 0.2 0.0
0.11 16 1

15.0 19 0.1 0.0
0.17 15 1 1
14.1 2.7 0.2 0.0

. * Approximate coefficient of variation of Bailey's binomiai estimator.
* Calewlated from sighting disteibution of the n1; marked bears.
- Caleulated a5 npg = mur, ' (1 — g, -4).

* Number of times marked bears were sighted. For example, during Session 1 of 1989, & different marked bears were never sighted (0 category), 2 were
sighted ance, 3 were sighted twice, and one was sighted & times, If those 14 bears had been sighted randamly, their sightings would be binomially partitioned,

a3 shown beneath the nbserved distribution.

inherently less biased population estimates and
CI's compared with the binomial model be-
cause it simulates the exact form of the sighting
heterogeneity.

The density of marked grizzly bears in the
core area during most sessions (Table 1) was
comparable {o those derived from the simu-
lation method. The minimum densities de-
rived from marked bears during 1989 sessions
varied from 2.3-2.7 bears/100 km? (Table 1).
Using the simulation results and associated 95%
CI, density estimates for the 3 sessions in 1989
were: Session 1 (2.9 < 2.9 < 3.9), Session 2
(2.7 = 3.7 = 4.6), Session 3 (2.5 = 2.5 < 3.7).
The same comparison for Session 1 of 1990
showed a minimum known estimate of 3.1-
3.2 marked bears/100 km? and simulation re-
sults of 3.5 < 4.1 = 7.0.

DISCUSSION

We used 4 criteria to judge the utility of
cameras for sighting grizzly bears in forested
habitats. How severely were model assump-
tions violated? Were adequate photographic

sample sizes obtained and estimators credible?
Was the camera method logistically and fi-
nancially practical? Was our design an im-
provement over other methods?

Assessment of Model Assumptions

Natural barriers surrounding the study area
helped confine grizzly bear movement during
sessions. Snaring, camers, telemetry, and sur-
vival data provided compelling evidence of
demographic and geographic closure during
camera sampling, )

For closed population models, we assumed
that: all animals have the same probability of
being caught in the first sample, initial capture
does not affect future catchability, and the sec-
ond sample is a simple random sample. The
Petersen model is robust to departures from
these assumptions when a systematic rather
than a random second sample is taken and by
assuming the catchabilities in the 2 samples
are independent (Seber 1982, Minta and Man-
gel 1989, Arnason et al. 1991). Our use of sys-
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Fig. 2. Population estimate (horizontal bars) and 95%
confidence intervals (vertical bars) of total independent
grizzly bears in the core area using the Monte Carlo
simulation {left bar) and Bailey’s binomial (right bar)
methods for each sighting session of 1989 and 1990,
Swan Mountain Range, Montana.

tematically deployed snares and cameras re-
duced violations of these assumptions.

Our fundamental sampling problem was un-
equal catchability during capture and sighting
sessions. Any population is likely to contain an
uncatchable portion and an unequal probabil-
ity of capture for different cohorts in the first
capture. In our study, family groups were the
least catchable and sightable cohort. However,
because the initial captures were conducted
for 3 years, members of family groups that
were uncatchable during 1 year were even-

tually caught as independent animals. Initial

- snaring may have affected subsequent sight-

ability with cameras; although both relied on
baits, the lures and the amount of human scent
present differed, and only snares involved
physical restraint. To some degree, these subtle
variations in design reduced bias from unequal
catchability and sightability (Seber 1982:86).

Sighting rates varied among sessions and be-
tween years. We believe the attractiveness of
baits to grizzly bears correlated with seasonal
availability of preferred foods. Marked bears
moved less during the globe huckleberry sea-
son {Session 2) than other seasons. This berry
crop was judged to be poor in 1989 and grizzly
bears were photographed easily. Conversely,
an especially good huckleberry crop occurred
during 1990; bears moved less, and the sighting
rate was low. We obtained low sighting rates
during Session 3 of both years because some
bears were preparing winter dens and freez-
ing temperatures and snow reduced the effec-
tiveness of haits.

By using photographs and visual observation
during telemetry flights, we verified that bears
did not lose their marks between marking and
sighting. The assumption that all marks are
reported on sighting in the second sample was
subject to error. Although some sightings may
have been missed if bears quickly moved be-
yond the photographic zone before the camera
fired, we had no difficulties determining
whether an individual was marked, and we
identified all individuals by unique ear stream-
ers.

Photographic Sample Sizes and
Estimarors

Seber (1982:564-565) concluded that the
Petersen model seems to be the most useful
method, provided assumptions are satisfied and
sufficient recaptures in the second sample are
obtained. The binomial model uses only the
total number of marked and unmarked bear
sightings. Conversely, the simulation method
uses the sighting frequencies of marked indi-
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viduals, thereby accommodating small sample
sizes and sighting heterogeneity. Sighting
probabilities were high {0.50-0.92), and the
estimates derived from the simulation method
were based on adequate sample sizes and pro-
duced credible estimates,

Comparisons with Other Approaches

We did not compare the camera method
with other sighting methods and we did not
know the actual bear density. We know of no
method to derive an estimator of precision for
population estimates based on capture inten-
sity or telemetry. In forested habitats, few griz-
zly bear studies have reported point estimates
with associated measures of statistical confi-
dence {Harris 1986, IGBC 1987). More com-
monly reported are density estimates without
error terms, derived from the number of known
grizzly bears in a given area {(Martinka 1974,
MclLellan 1989), We know of only 1 capture-
recapture study using physical recapiures
(Hornocker 1962), and the small study area,
small sample sizes, and selective capture meth-
ods were likely problematic (IGBC 1987). Us-
ing observation data from 6 garbage dumps in
Yellowstone National Park, Craighead et al.
(1973) reported that estimates derived from
both Petersen and Schnabel methods were
comparable to their estimate from direct counts.
Unfortunately, computations or results were
not documented, details were lacking, and as-
sumptions were ignored (Harris 1986, IGBC
1987). Open population models require large
samples and multiple capture periods. We know
of none that has been successfully applied to
grizzly bears in forested areas. Roop (1980)
violated open model requirements that trap-
ping effort be evenly distributed in space and
time.

MANAGEMENT RECOMMENDATIONS

Eighty-six percent of 729 photographs were
of marked animals. Without this marked sam-
ple, we could not have differentiated individ-
uals with enough certainty to meet the as-

sumptions of mark loss and mark reporting.
Radiotelemetry also was necessary to evaluate
closure. Consequently, there was no evidence
suggesting that the technique could be used
for grizzly bears without a marked sample.

Because independent methods of initial cap-
ture and sighting are desirable, initial capture
should use the most effective means for max-
imizing the marked sample. For grizzly bears
in forested hahitats, we recommend placing at
least 2 snares at each site and varying capture
and baiting methods among years. At least 25%
of the population (subjective estimate) should
be captured, and >50% is preferred. Capture
and marking should be done for 3 years to
attain a representative sample of adult females
and 2-year-olds. We recommend 1 camera ses-
sion be conducted each year and that stations
be placed systematically or randomly each ses-
sion. The session should be conducted when
atiractants are not in competition with highly
preferred foods. We recommend inverse sam-
pling (Seber 1982:118) where a session is con-
tinued until a prescribed number of marked
bears are sighted. At some point the assump-
tion of closure would likely be violated and
cost may become prohibitive. For our study,
annual labor and logistical support cost about
$20,000 and $14,000/snaring and camera ses-
sion respectively.

Our camera method offers several advan-
tages over existing sighting techniques. A large
study area can be systematicaily sampled in a

relatively briel period, all bears in the popu- -

lation are simultaneously and continuously de-
tectable, and physical capture is unnecessary.
Thesé conditions allow better conformance to
model assumptions, and are likely to produce
larger samples,

Behavioral characteristics of grizzly bears in
forested habitats make eslimating population
size inherently problematic despite improve-
ments in models and field methods. Tech-
niques such as our camera method combined
with telemetry may increase sample size and
reduce some model biases, but unequal catch-
ability and sightability remain intractable. Use
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of different capture methods over several years
will reduce intrinsic capture heterogeneity.

A completely independent sighting method
would eliminate behavioral “trap” response and
relax other model assurmptions. This cannot be
achieved if attractants are used for both mark-
ing and sighting. Detecting grizzly bears either
randomly or systematically in forested habitats
without attractants is very difficult, although
an alternative is to tag bears with radioisotopes
and then collect scats (this has not been applied
to grizzly bears). Other advances in marking
and sighting models (e.g., Arnason et al. 1991)
may prove helpful.

SUMMARY

Grizzly bear populations in forested habitats
are difficult to estimate, and few studies report
point estimates with associated measures of sta-
tistical confidence. Experimental designs suffer
from logistical problems, model biases, and
small sample sizes. We deseribe a capture-
sighting design applicable to forested areas
where direct observation of bears is difficult.
We reduced bias and increased sample size by
using snares for the initial marking period and
automatic cameras for the second sample. Cap-
ture heterogeneity during the initial marking
period was reduced by snaring 27 grizzly bears
during 3 years in the same study area in west-
ern Montana. Cameras recorded adequate
sightings (11-20) in 4 of 6 sessions. Monte Carlo
simulation adjusted for severe sighting hetero-
geneity among marked bears, produced 6 sea-
sonal density estimates and 95% confidence in-
tervals (CI's) ranging from 2.5 = 25 = 3.7 to
3.5 < 4.1 < 6.7 bears/100 km?. Sighting rates
varied considerably (18-178 camera-nights/
sighting), but were generally highest during
spring when attractants were more effective.
Advantages of our camera method over exist-
ing sighting techniques included the ability to
sample a large area in a brief period, all in-
dividuals are simultaneously detectable, and
physical capture is unnecessary. These condi-

tions allowed better conformance to model as-
sumptions.
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